













This is the peer reviewed version of the following article: Nolasco‐Soria, Héctor, 
Héctor‐Rodrigo Nolasco‐Alzaga, and Enric Gisbert. 2020. "The Importance Of Pepsin‐
Like Acid Protease Quantification In Aquaculture Studies: A Revision Of Available 
Procedures And Presentation Of A New Protocol For Its Assessment". Reviews In 
Aquaculture. Wiley. doi:10.1111/raq.12417., which has been published in final form 
at https://doi.org/10.1111/raq.12417. This article may be used for non-commercial 












The importance of pepsin-like acid protease quantification in aquaculture studies: a 
revision of available procedures and presentation of a new protocol for its assessment 
 
Hector Nolasco-Soria1 , Hector-Rodrigo Nolasco-Alzaga1 and Enric Gisbert2 
1 Centro de Investigaciones Biológicas del Noroeste, La Paz, México 
2 Institut de Recerca i Tecnologia Agroalimentaries, Centre de Sant Carles de la Rápita 
(IRTA-SCR), Sant Carles de la Rápita, Spain 
 
 Abstract 
Assessing the activity of acid pepsin-like protease is a common procedure in many 
biological, physiological and nutritional studies in gastric fish species. After reviewing the 
available literature on fish digestive acid proteases (stomach acid pepsin-like proteases), 
especially those species of relevance for aquaculture purposes, published during a time 
span of ten years (2008 - 2018), authors detected some possible methodological and/or 
interpretative inconsistencies in this kind of studies when quantifying pepsin-like enzymes. 
Thus, we concluded that special attention should be paid on the following issues when 
assessing digestive acid protease activity: i) the proper preparation of stomach extracts, ii) 
the use of the proper reaction conditions at the normal range of physiological pH and 
temperature values, and iii) the proper quantification of the number of peptide bonds 
hydrolyzed for acid protease unit calculation. The implementation of these 
recommendations, and the proposal of more suitable (previously tested) methodological 
steps, will promote the standardization of acid pepsin-like protease analytical procedures, 
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as well as improve the reliability of comparative studies dealing with this proteolytic 
enzyme between different fish species of aquacultural importance.  
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1. Introduction 
1.1 The relevance of assessing the activity of digestive enzymes in cultured fish: the 
case of pepsin-like acid protease 
Digestive enzyme activities in fishes are indicative of their feeding ecology and trophic 
niche in natural conditions; thus, correlating well with their diet (German et al. 2004). In 
this context, it is well accepted that the structure and function of the digestive system of 
fishes strongly are correlated with their feeding habits, and for this reason, the 
characterization of digestive enzyme activities is of special relevance in aquaculture 
studies where there is a need of synchronizing the function of the digestive system with the 
rearing procedures and nutritional strategies. Thus, assessing the activity of digestive 
enzymes is a common procedure in many biological, physiological and nutritional studies. 
Among the repertoire of digestive enzymes, pepsin-like acid proteases are the main 
enzymes involved in protein digestion due to their activity under the acid environment of 
the stomach. Evaluating the activity of acid pepsin-like proteases in nutritional studies is 
widely used when researchers aim to evaluate the digestive competence of gastric fish 
species throughout their ontogeny. In addition, the measurement of this endoprotease is 
considered as a valuable biomarker for proper adapting feeding and rearing protocols to 
fish digestive capacities along ontogeny (Zambonino-Infante & Cahu 2001; Lazo et al. 
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2011). In this context, the transition from a larval-like protein digestion mode, based on the 
participation of alkaline proteases (trypsin, chymotrypsin, and carboxypeptidases among 
others), to a juvenile/adult one characterized by an acid environment and pepsin-like 
enzymes is generally considered as an optimal point for larval weaning onto microdiets in 
fish hatcheries (Rønnestad et al. 2013).  These enzymes analyses are also commonly used 
for assessing the impact of a certain type of diet or nutrient on the functionality and/or 
maturation of digestive organs (Zambonino-Infante & Cahu, 2007). In particular, under 
normal rearing conditions the maturation of the digestive function (luminal digestion) is 
characterized by a decrease in the activity of alkaline proteases concomitantly to an 
increase of pepsin-like enzyme levels. Thus, a delay in the onset of acidic digestion may be 
considered indicative of a suboptimal diet or rearing procedure as the decoupling of the 
alkaline and acid digestion indicates (Zambonino-Infante & Cahu, 2001). Furthermore, 
assessing the levels of pepsin-like proteases and their secretion rates, as well of those from 
other digestive enzymes, may be also used for optimizing dietary protein levels in 
aquafeed, as well as understanding the regulatory role of nutrients in digestive physiology. 
In addition, the assessment of digestive enzymes, mainly gastric enzymes like 
pepsin, may be used in in vitro digestibility studies to evaluate the capacity of gastric fish 
species to hydrolyse different feed ingredients (i.e. fish meal of different origin and quality, 
and alternative protein sources), information that is of great value for assessing the 
digestibility of ingredients, as well as improving and refining aquafeed formulations 
(Dimes & Haard, 1994; Moyano et al. 2014). In vitro digestibility analyses, using a known 
number of acid pepsin-like protease units for acidic digestion, and alkaline protease units 
for alkaline digestion, provide a fast, reliable and low cost effective alternative to in vivo 




Due to its multiple applications in nutritional and physiological studies related to 
aquaculture fish species, the analysis of pepsin-like activity in gastric species is of 
relevance; however, reliable, reproducible and standardised procedures are needed for 
these kind of studies. 
1.2. Pepsin activity determination 
Assessing the activity of acid pepsin-like protease is generally conducted by means of 
spectrophotometric procedures after the recovery of the digestion products (Anson 1938). 
The spectrophotometric methods for protease quantification are based on the incubation of 
a working solution (buffer) mixed with a specific substrate like hemoglobin for acid 
pepsin-like protease (Anson 1938); azocasein, casein or hemoglobin for alkaline proteases 
(Sarath et al. 1989) and with an extract containing the targeted enzyme or mixture of 
enzymes of interest from the animal digestive tract. The incubation of the substrate 
dissolved in the working solution and the enzyme results in the hydrolysis of the substrate, 
which allows the quantification of its activity. In the case of hemoglobin hydrolysis, 
products are measured by changes in the absorbance of trichloroacetic acid (TCA) non-
precipitable hydrolyzed products due to colour development by the Folin-Ciocalteau 
reagent (Anson 1938), or direct absorbance reading at λ = 280 nm (Worthington 1993). In 
the case of alkaline hydrolysis, when using casein or hemoglobin substrates, absorbance is 
also measured at λ = 280 nm or at λ = 440 nm when using azocasein (Sarath et al. 1989), 
or at λ = 520 nm when using azo dye-impregnated collagen (azocoll) (Walter 1984) as 
substrates.  
Regardless of the particular and extensive use of these analytical procedures, the 
authors of this contribution, while checking the available literature, have detected some 
common inconsistencies in the preparation of enzymatic crude extracts, and in the 
determination of the acid pepsin-like protease activity. The above-mentioned 
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inconsistencies may affect the proper quantification of protease activity and the 
interpretation of the results derived from those analyses. Thus, the present contribution is 
focused on two issues: a). providing an integrative and extensive review of different 
studies dealing with acid protease determination in fish with special attention to those 
interest for the aquaculture industry (Section 2) as well as b). proper recommendations 
regarding the standardization of the analytical procedures for acid protease quantification 
(Section 3).  
2. Reviewing the literature dealing with pepsin-like acid protease quantification in 
fishes 
2.1 Methodological approach 
Authors decided to evaluate different procedures and methodologies used by pepsin-like 
acid protease quantification by means of a bibliographic search using the Web of Science 
Core CollectionTM (www.webofknowledge.com; Thomson ReutersTM) in order to decipher 
whether this analytical procedure may be improved. The following search chain “acid 
protease AND fish” was selected to evaluate the methodology used for acid pepsin-like 
acid protease quantification in the literature, resulting in a total of 54 published articles 
from 2008 to 2018. After removing the studies dealing with the microbial proteases or fish 
hydrolysates, authors used a final database of 31 articles for their review, 94% of them 
related to aquaculture fish species (Supplementary file 1). These articles were revised to 
identify which methodology was used for acid pepsin-like acid protease quantification, as 
well as the biological material used for those analyses. 
2.2 Bibliographic analysis, results and discussion 
2.2.1 Sample preparation to determine pepsin-like acid protease activity 
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As expected, the analysis of the literature indicated that the tissues studied belonged to 
either larvae or digestive tracts isolated from juvenile or adult fish. Regarding the studies 
in fish larvae, 50% of them used the complete organism and the rest of them removed the 
head and tail to work with just the abdominal region for the preparation of the extracts. In 
the studies using the digestive tract, 73.7% of them prepared their digestive enzyme 
extracts using only the stomach and 26.3% used the entire digestive system (viscera). The 
amounts of tissue reported in these studies ranged from 15 to 35 mg/mL (66 to 28 volumes 
of extraction solution per weight of tissue) for larvae, and 50-250 mg/mL for stomach 
when dealing with juveniles or adult fish. In general, volumes of extraction solution by 
weight of tissue were from 2 to 20 for entire stomachs.  
Regarding the extraction solution for analytical purposes, 22.6% of authors used 
distilled water, 9.7% of them used an acid buffer (pH 2-3), 41.9% used a neutral-alkaline 
buffer (pH 7-8), and the rest did not indicate which extraction solution or buffer they used 
for stomach homogenization. Following up tissue homogenization, enzymatic extracts 
need to be clarified in order to remove all tissue debris, a step that also varies considerably 
depending on the consulted source (Table 1).  Thus, the clarification of the enzymatic 
extracts is performed by centrifugation with RCF values that range from 1,100 to 28,230 x 
g, and centrifugation times that also greatly vary from 3 to 30 min (at 4-5 oC). In addition, 
only 54.8% of the studies applied RCF values greater than 10,000 x g (Table 1). 
Regarding the amount of tissue utilized to prepare the enzyme extract, considering 
that a minimum volume of 100 μl of extract can be used to quantify the acid protease 
activity, a 1 mL sample of crude extract would be sufficient. When a weight:volume ratio 
of 1:5 is implemented, it is proposed to use 200 mg of larvae per mL of enzyme extract, if 
possible. However, special attention should be paid when considering the amount of tissue 
for sample preparation. It is generally recommended to remove the head and tail from 
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larvae in order to reduce proteins of different origin (i.e., muscular tissue) than those from 
the digestive system. This is particularly important in enzyme purification processes. 
Regardless of this recommendation, the head and tail separation from the abdominal cavity 
is difficult to be standardized and should be also conducted in a cold plate (0-4 ºC) in order 
to prevent sample deterioration and the loss of enzyme activity. Therefore, it is 
recommended to use the complete larvae when data is just expressed in total activity 
(U/larva) in order to avoid the above-mentioned issues, whereas dissected larvae may be 
used when enzyme activity is expressed as in specific activity units (U/mg protein). 
However, it should be considered that when dissection is not possible due to the small size 
of larvae or due to other reasons, enzymes activities expressed in specific activity units will 
be underestimated or may lead to potential interpretation errors. This is generally found in 
ontogenic studies describing the activity of digestive enzymes, when at larger larval sizes 
or older ages, enzyme activity decreases even though this does not indicate that there is a 
reduction in the digestive performance of specimens rather than a higher content of protein 
in crude homogenates. Thus, authors recommend always using both types of quantification 
of enzymatic activity, as a specific activity (U / mg protein) and as a total activity (U / 
tissue or U / larva, U / g of tissue), for a better understanding of the physiological response 
in fish to experimental treatments or sample origin (Gisbert et al., 2018). 
In addition, the time of the day for sampling must be considered in order to avoid 
the potential effect of the circadian rhythm on digestive enzyme activities (Montoya et al., 
2010). Although some studies have shown an almost stable amount of pepsin measured 
during a 24-h cycle, Yúfera et al. (2012) showed that daily changes in mRNA expression 
of pepsinogen (precursor of pepsin) were not particularly related to the moment of food 
supply, but modulated by the circadian cycle. The results clearly evidenced how the 
mRNA transcripts, which showed low levels during the diurnal and feeding period, were 
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overexpressed during the night-time, this meaning that the transcriptional effort was done 
during the resting hours. This suggested that the translation of pepsinogen mRNA to 
protein might be constant in order to maintain a stable amount of this zymogene. Thus, 
special attention should be taken when combining biochemical and molecular tools for 
assessing the activity of digestive enzymes, since just using gene expression assays can 
drive to inconclusive or biased results. In the case of fish larvae, additionally, other authors 
recommended to scale fish larval development using thermal units (temperature degree 
days), and complement this information with data on larval size (standard or total length) 
for each age considered and/or the stage of development by using externally visible 
anatomical features of the specimen (Gisbert et al. 2018). 
Summarizing, if we consider that acid pepsin-like proteases are soluble and stable 
at acid pH, the recommendation is to perform the extraction in distilled water and once the 
extract is clarified by centrifugation, adjust the pH to 2 with 1M HCl, allow to stand 1 h in 
an ice water bath (experimental data is described below), centrifuge the extract again and 
keep it in small aliquots (200 µL) at -80 oC. The use of alkaline buffer is not 
recommended, since the use of these buffers will difficult pH adjustment to 2 when dealing 
with measurements of acid pepsin-like acid protease activity. Although the measurement of 
acid protease has a TCA clarification step of the reaction mixture (RM), before the 
spectrophotometric measurement, it is recommended to clarify the enzymatic extract, at 
least at 15,000 x g, 15 min at 4 oC in order to reduce the suspended particle effect 
(increasing turbidity) in other spectrophotometric measurements, such as the quantification 
of soluble proteins (Bradford 1976).  
2.2.2 Determination of acid protease activity: the use of standard protocols 
Authors have also revised the methodology for pepsin-like acid protease 
quantification reported in the literature. In particular, the methods applied to quantify fish 
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stomach acid protease activity were revised in the 31 studies retrieved from the 
bibliography (Table 2). The most common protocol for assessing the activity of stomach 
acid pepsin-like protease in fish (51.6% of the studies) is the one proposed by Anson 
(1938), whereas 16.1% of authors used method of Hidalgo et al. (1999). However, these 
authors cited the work of Kunitz (1947), which was later modified by Walter (1984). 
Similarly, 6.5% of the revised studies cited the work of Lazzari et al. (2010), but Lazzari 
cited the study of Kunitz (1947) that was also modified by Hidalgo et al. (1999). The 
above-described concatenation of citations makes difficult the traceability of the 
methodology used and the proper interpretation of the results derived from those studies, 
which also suggests the little care of authors when reporting the literature cited. Other 
methodologies have been also utilized, but less frequently (≤5%) as shown in Table 2. 
Regardless of the method used, authors found some relevant inaccuracies in acid pepsin-
like acid protease determination that need to be addressed as follows.  
Firstly, among the only four studies that explicitly report the reaction volumes, 
these varied from 1,000 to 7,900 µL. The rest of the studies (n = 29) did not report the 
volume of the reaction, so it is assumed that they used the volumes indicated by the 
reference cited by these authors (22.61% used the Walter’s method cited by Hidalgo et al. 
(1999)). The studies that used the Hidalgo’s method for pepsin quantification (cited by 
Lazzari et al. 2010) used a volume of 7,700 µL. In addition, 6.5% of the studies used the 
Worthington’s method that used a volume of 8,000 µL, whereas the majority of them 
(51.6%) used the Anson’s method, which used 16,000 µL of reaction volume. This is of 
special relevance since the assay mixture volume is fundamental for enzyme unit 
calculations and different enzyme activity values might be obtained if proper reaction 
volumes are not correctly considered. 
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In addition, to the reaction mixture, the substrate used for enzyme quantification is 
also of importance. Thus, regarding acid protease substrate, 74.2% of the revised studies 
used hemoglobin, whereas 25.8% of them used casein. Not only the substrate changed 
among studies, its concentration in the reaction mixture also varied, as well as the substrate 
concentration that ranged from 0.96% to 2.38%. Substrate concentration is an important 
factor for proper standardization of the enzyme reaction, since according to the Michaelis-
Menten’s law substrate concentration in the reaction mixture directly affects enzyme 
activity. In addition, substrate quantity must be enough to be always working with the 
substrate in excess. Regarding the reaction buffer, different solutions are reported in the 
literature. In particular, some authors (3.2%) used KCl (200 mM) at pH 2; others (3.2%) 
used sodium acetate-HCl (250 mM) at pH 3; and the same proportion of authors used 
phosphate buffer at pH 2 (Table 3). The rest of studies (91.4%) did not report specifically 
the buffer employed, so it is assumed that they used the buffer indicated by the reference 
cited by these authors (45.2% of them used distilled water-HCl; and 19.4% used KCl-HCl 
at pH 3, whereas only 3.2% of them did not mention it). The above-mentioned buffers and 
solutions may be considered correct according to the buffer working pH, with the 
exception of phosphate and acetate buffers, because pH 3 or below are out of the working 
pH interval, for both cited buffers. If possible, authors recommend measuring the real pH 
of the empty fish stomach (Lückstädt 2012). Thus, it is advisable to measure pepsin-like 
acid protease at pH values of 2.0; i.e., using just HCl to adjust the substrate pH (Anson 
1938). Regardless of the use of ions as K+ (KCl of KCl-HCl) as previously indicated by 
some authors, it is recommended to firstly evaluate if there actually exists this dependence 
and in case of an affirmative answer, then test at which concentration of ions is required. 
There also existed a remarkable variability in the temperature at which acid 
pepsin-like protease was determined among the consulted studies. In particular, from the 
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twelve studies that explicitly reported the reaction temperature, this parameter largely 
varied. Reaction temperature and their relevance in terms of consulted studies is as 
follows: 20 oC (3.2%), 30 oC (6.5%), 37 oC (22.6%), 40 oC (3.2%) and 50 oC (3.2%). The 
rest of studies did not provide specific information on the reaction temperature, so it is 
assumed that they used the temperature indicated by the reference cited by these authors 
(22.6% used 37 oC, and 38.7% used 25 oC). Considering that fish are poikilothermic 
animals, the reaction temperature will have a deep impact on the enzyme activity, the 
higher reaction condition the higher pepsin activity when enzyme activity is measured 
within the biological thermal limits of the species. The incubation time varied from 10 to 
60 min, a time span that may vary depending on the species and developmental stage 
evaluated. Generally, the longer the incubation time used by researchers, the detection of 
lower pepsin activities in tissue or whole larval homogenates. Thus, it is recommended that 
the incubation time should be between 15 to 60 min, according to enzyme acid protease 
activity of samples, in order to work always with substrate excess during hydrolysis.  
The above-mentioned analysis indicates that most of the assays for measuring acid 
pepsin-like protease activity were conducted following protocols developed for 
homoeothermic organisms with body temperatures ranging from 37 to 38 ºC, a range of 
temperatures really unusual for fish. Therefore, it is strongly recommended that the activity 
of fish acid protease, and other enzymes, should be determined not even at the optimum 
temperature determined by in vitro studies (i.e., 40-50 ºC see Nalinanon et al. 2008), but at 
the physiological temperature in which fish species develop according to their temperature 
preferendum. A temperature of 25 ºC in the RM (RM is considered when protease is acting 
on substrate) may be the most appropriate for most fish species inhabiting temperate 
waters according to Gisbert et al. (2018).  
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Regarding the method for stopping protease reaction, only six studies that 
explicitly reported the final TCA concentration in the assay mixture; while TCA levels 
ranged from 4 to 10% (w/v). The rest of studies did not provide details on the final TCA in 
the assay mixture, so it is assumed that they used the concentration indicated by the 
reference cited by these authors (58.1% adjusted the TCA final concentration to 3%, and 
19.4 % of authors adjusted it to 4% the TCA final concentration, whereas 3.2% of authors 
did not indicate it). Only one study explicitly reported the use of filtration to separate TCA 
soluble digestion products from the assay mixture. The rest of studies did not report 
specifically the step used to separate TCA non-precipitable digestion products from the 
assay mixture, so it is assumed that they followed the method indicated by the reference 
cited (61.3% of authors used filtration on Whatman filter paper, 22.6% of them centrifuged 
the reaction mixture at 1,800 x g for 10 min, whereas 3.2% did not provide any 
information on this issue). Another issue to be considered when revising different 
protocols, it is the assay mixtures may rest before centrifugation or filtration, which varied 
according to the analytical considered.  In particular, Anson (1938) recommended that 
samples did not need to rest before filtration, whereas Worthington (1993) indicated to the 
reaction mixture should rest for 5 min, and Hidalgo et al. (1999) for 60 min. The reasons 
for such variations are not really known and the impact of this resting time on final enzyme 
quantification is neither known.  
The last step in enzyme quantification is the measurement of the absorbance of 
the reaction mixture. All direct measurements of absorbance of the hydrolyzed products 
were done at λ =280 nm; in contrast, the colour developed by the Folin-Ciocalteau reagent 
on hydrolyzed products was measured at λ = 650 or λ = 700 nm (Table 3). Many studies 
(61.2%) did not report specifically the wavelength used to measured digestion products 
from assay mixture after TCA addition, so it is assumed that they followed the method 
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indicated by the reference cited by these authors. In the case of Anson method (1938) no 
specific wavelength is mentioned, rather than just indicating that it was measured under the 
blue colour wavelength, which is λ = 700-750 nm. A final recommendation when 
measuring the absorbance at λ = 280 nm is to use quartz cuvettes or microplates in order to 
not affect real absorbance values. 
Finally, another issue that authors detected when reviewing the literature is that 
different studies used different molar extinction coefficients (MEC; M-1cm-1, for tyrosine 
quantification, while others used a tyrosine standard curve. Among the revised studies, 
6.8% of them used a MEC of 0.005 or 0.008 (according to authors), 3.2% of them used a 
MEC value of 0.008, but expressed in µg/mL, while 9.7% of the studies used a tyrosine 
standard curve, but no curve equation was provided in those works. The rest of studies 
(80.6%) did not report any information on this issue, so it is assumed that they followed the 
method indicated by the reference cited by these authors. Thus, 64.5% of authors used just 
a single tyrosine standard solution (5 mM) as reported by Anson (1938), Hidalgo et al. 
(1999) and/or Lazzari et al. (2010), whereas others used a full standard curve (as reported 
by Dabrowski & Glogowski, 1977; Liu et al. 2008), and just 3.2% of authors used a µg/mL 
EC of 0.005. The rest of revised studies (12.9%) used just the absorbance units at λ = 280 
nm (Table 3).  
The reported variability of the previous methods for the quantification of acid 
protease activity have a direct effect on the results and on the comparison of data among 
different studies, as well as the definition of the used protease units. Regarding acid 
protease unit definition, a wide variety of units are used in the literature. Among the 
studies revised, 9.7% of the them used 1 µmol or mmol of tyrosine released per min, 
35.5% of them used 1 µg of tyrosine released per min, and 9.7% of them used 1 mg of 
tyrosine released per min. In addition, 3.2% of the studies used 1 absorbance unit at λ =280 
14 
 
nm, 3.2% of them used 1 absorbance unit at λ = 680 nm, whereas 3.2% of them used 
BAEE units (Alarcon et al. 1998); however, because Nα-Benzoyl-L-arginine ethyl ester 
hydrochloride (BAEE) is a substrate for trypsin, it should be considered an author 
typographical error). The rest of studies did not report specifically acid protease unit 
definition, so it is assumed that they used the unit definition indicated by the reference 
cited by these authors. In particular, 12.9% of the authors used 1 µg of tyrosine released 
per min according to Hidalgo et al. (1999); 9.7% of them used 1 milliequivalent (mmol) of 
tyrosine (Anson, 1938), 3.2% of them used 0.001 absorbance units at λ = 280 nm 
(Worthington 1993). A 3.2% of consulted studies did not indicate it. As an example of data 
variability, Table 4 resume the comparison of acid pepsin-like protease units in fish.  
 
 
3. Developing a new protocol for acid pepsin-like protease 
The first published procedure for quantifying the activity of acid-like proteases was from 
Anson (1938). The spectrophotometric protocol described by the former author is as 
follows: in a test tube, 1 mL of enzyme solution is added to 5 mL of substrate (2% 
hemoglobin-HCl, pH = 1.6) solution (at 25 oC). After 10 minutes, 10 mL of 0.3 N 
trichloracetic acid (TCA) is added, the tube is shaken vigorously, and the suspension is 
filtered through a Whatman® filter Grade 3. The colour value of the digestion products is 
measured using 5 mL of the digestion filtrate (in a 50 cc. Erlenmeyer flask) and 10 mL of 
0.5 N sodium hydroxide, and 3 mL of the phenol Folin-Ciocalteau reagent. After 2-10 
minutes, the colour is read using a blue glass filter. A tyrosine standard (0.0008 
milliequivalents in 5 mL of 0.2 N HCl) is used to calculate tyrosine equivalents released by 
protease hydrolysis. For acid pepsin-like protease quantification, the Anson´s method is the 
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reference most generally cited, including the Worthington’s method (1993). Regarding this 
last one, Worthington proposed the use of the rate of hydrolysis of denatured hemoglobin, 
considering that 1 acid protease unit increased 0.001 absorbance units at λ = 280 nm by the 
presence of TCA non-precipitable hydrolysis products, per minute at 37 °C, under the 
specified conditions. A tyrosine molar extinction coefficient of 1,250 for protease 
quantification has been generally used (Faulk & Holt 2009). 
The deficiencies of using the absorbance of the blue colour generated by the 
reaction between the hydrolysis products with the Folin-Ciocalteau reagent is that it reacts 
only with tyrosine and tryptophan according to Anson (1938). Thus, considering that 
proteins are not only formed with these two amino acids, the level of hydrolysis in the 
sample is potentially underestimated. In contrast, this method does not allow determining 
whether these amino acids are free or associated with peptides. The above-mentioned 
limitations indicate that it is not possible to quantify the number of hydrolyzed peptide 
bonds per unit of time (i.e., min). The same methodological limitation happens when it is 
used a tyrosine molar extinction coefficient, or when using a known concentration of 
tyrosine as a reference (Anson 1938) or even a standard tyrosine curve (Walter 1984). 
In addition, when only the absorbance at λ= 280 nm of the assay mixture after TCA 
precipitation is measured (Sarath et al. 1989; Worthington, 1993), just the presence of 
aromatic amino acids is being quantified, leading again to an underestimation of the 
protease activity. In addition, no information is available whether these aromatic amino 
acids are free of associated to peptides. Thus, the pepsin-like activity is underestimated by 
only quantifying amino acids absorbed in the ultraviolet region and, on a technical 
perspective; it is overestimated when quantifying non-hydrolyzed amino acids, which are 
potentially associated with peptides. Also, this arbitrary enzyme unit (change in 
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absorbance units at λ = 280 nm) for protease activity measurement does not allow to know 
how many peptide bonds were actually hydrolyzed. 
Based on the above-mentioned analysis of the available literature, authors evidenced the 
need of developing a new standardized method for acid pepsin-like protease quantification 
in order to facilitate reliable comparative studies on the acid digestive capacity in fish. 
3.1 Materials and Methods 
Reagents and materials 
Reagents and materials obtained from Sigma-Aldrich (St. Louis, MO) included: 
hemoglobin from bovine blood (H2625), L-serine (S4500), trichloroacetic acid (TCA) 
(T6399), phthalaldehyde (P0657), sodium tetraborate (221732), sodium dodecyl sulphate 
(SDS) (L6026), DL-dithiothreitol (43819) and Grainer 96 well plates (M2936). 
 
Acid pepsin-like protease method: general development 
The incubation mixture proposed for this protocol is similar to that of Anson (1938), using 
hemoglobin as substrate for the estimation of acid pepsin-like protease. The undigested 
hemoglobin is precipitated with TCA, and the unprecipitated protein digested products are 
measured to calculate the amount (units) of acid pepsin-like protease present. However, 
this is not estimated with the phenol reagent (Anson 1938), which gives a blue color with 
tyrosine and tryptophan. Instead, this new assay is based on the quantification of amino 
groups released by the hydrolysis of peptide bonds; thus, we propose to use o-
phthalaldehyde (OPA), as proposed by Church (1983), but replacing 2-mercaptoethanol by 
optimal concentration of DL-dithiothreitol (DTT) in the OPA reagent formula. In addition, 
instead of using a single tyrosine standard solution (0.0008 mEq in 5 mL, 0.16 mM as 
reported by Anson 1938), a free amino acid (L-serine) standard curve (0-0.8 mM) is 
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recommended. All experimental assays were done at least by triplicate. Thus, the above-
described procedure has been done conducting the following steps: 
 
3. 1.1 Preparation of the enzymatic extract: effect of the extraction solution 
In order to avoid the sample effect, a single sample was used to evaluate the effect of the 
extraction solution on the yield of acid protease. Two specimens of amberjack Seriola 
rivoliana (8.2 and 8.5 kg in body weight), captured by local fishermen on the coasts of the 
Baja California peninsula, were preserved on ice (12 h) and then frozen at -20 ºC until 
analysis. Once in the laboratory, digestive tracts were dissected and the stomach removed, 
weighted (98.8 and 102.2 g) and frozen at -20 ºC. Frozen stomachs were cut in 2 mm thick 
slices and these in turn were cut into four sections with the help of a knife. The tissue was 
divided into 8 fractions of similar weight (24-25 g) and frozen at -20 °C until its use on the 
same day for the preparation of the enzymatic extracts. Four different extraction solutions 
were evaluated in order to determine the best ones for acid protease extraction yield. These 
solutions were i) milli Q distilled water, ii) 0.025 M NaCl, iii) 0.025 M universal buffer 
(pH = 8) and iv) 0.025 M HCl.  
The extraction procedure in all cases was as follows: the tissue was placed in a 
beaker within an ice bath (0-4 ºC); then, 3.85 volumes (w:v) of the extraction solution (4 
oC) were added, and the mixture homogenized during  60 s x 3 times (the use of a blade 
homogenizer like ULTRA-TURRAX© is recommended). The homogenates were clarified 
by centrifugation at 15,000 x g during 15 min at 4 oC. Then, aliquots (10 mL) were taken 
and these were acidified to pH 2 with 1M HCl. Homogenates adjusted to pH 2 and an 
aliquot of the same extract but not adjusted to pH 2 were placed in an ice bath for 60 
minutes. Subsequently, they were centrifuged again at 15,000 x g (15 min at 4 oC) and the 
supernatants were stored in 2 mL aliquots at -80 ºC until their further analysis for acid 




3.1.2 The use of hemoglobin as substrate 
In a 15 mL beaker, 0.1 g of hemoglobin (Sigma-Aldrich) was dissolved to a final volume 
of 10 mL with HCl at different concentrations (0.00625, 0.0125, 0.025, 0.05 and 0.1 M) 
and the final pH of the substrate solution was measured (pH meter MP 220, Mettler 
Toledo, precision of 0.01 U). The HCl concentration that gave a final hemoglobin substrate 
solution with a pH close to 2 was selected for further analyses. 
The purity of the hemoglobin was evaluated as follows: one g of hemoglobin was 
dissolved in 0.025 M HCl to final volume of 100 mL. The hemoglobin solution was 
filtered through a Whatman filter paper Grade 3. Subsequently, the filtrate was centrifuged 
(13,000 x g at 4 oC for 5 minutes) and the supernatant was removed and the substrate 
sediment was left to dry at 60 oC for 24 h. The weight of the filter paper with retained 
hemoglobin and the weight of the centrifuge tubes with substrate sediment were obtained 
on an analytical balance (OHAUS Corporation, USA, precision 0.0001 g). This operation 
was conducted in order to quantify the percentage of insoluble material in the commercial 
hemoglobin. 
 
3.1.3 Effect of TCA concentration on the absorbance of the supernatant 
A volume of 400 µL of fish stomach extract was added to 19.6 mL of 0.0125 M HCl. The 
reaction was started by adding 20 mL of 1% soluble hemoglobin at pH 2. The RM was 
incubated for 30 minutes at 25 °C. Then, the reaction was stopped by adding 500 µL of 
TCA to 1 mL of the RM. Thus, in order to evaluate the optimal TCA concentrations, 
different TCA levels were tested: 2, 4, 6, 8, 10, 12, 14, 16, 18 and 20% (final concentration 
of 1.33, 2.00, 2.67, 3.33, 4.00, 4.67, 5.33, 6.00, and 6.67%, respectively). After TCA 
addition, tubes were vigorously shaken and left in rest for 10 minutes at 25 °C. Then, tubes 
were subsequently centrifuged at 13,000 x g at 25 oC for 5 min. The absorbance of the 
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supernatant was measured at λ = 280 nm and the absorbance read at λ = 330 nm by the 
OPA reaction (as indicated in Section 3.1.5, using 10 mM DTT concentration).  
 
3.1.4 Effect of temperature and time post-TCA addition on the absorbance of the 
supernatant 
As described in the previous section, a volume of 400 µL of fish stomach extract was 
mixed to 19.6 mL of 0.0125 M HCl. The reaction was started by adding 20 mL of 
hemoglobin (1%) at pH 2. The RM (final volume = 40 mL) was incubated 30 minutes at 25 
°C. Then, 1 mL of the RM was added to a series of centrifuge tubes containing 500 µL of 
20% TCA (similar as Section 3.1.3). The tubes were shaken vigorously and left in rest for 
0, 5, 10, 15, 20, 25, and 30 minutes at 25 °C and at -10 °C.  The tubes were subsequently 
centrifuged (13,000 x g, 25 °C for 5 min) and the absorbance of the supernatant read at λ = 
280 nm., and the absorbance at λ = 330 nm following the above-mentioned procedure for 
the OPA reaction.  
 
3.1.5 Effect of DTT concentration in OPA reagent on free amino acid (L-serine)-OPA 
standard curve 
Preparing a standard curve of L-serine is required for proper quantification of free amine 
groups. For this purpose, an OPA Reagent Solution was freshly prepared at 6 mM o-
phthaldialdehyde, 50 mM sodium tetraborate, 35 mM sodium dodecyl sulphate, and 
different concentration (0 to 20 mM) of DTT. In a 96 well microplate, 25 µL of free amino 
acid (L-serine, 0 to 8 mM), 25 µL of milli Q water, and 200 µL of the corresponding OPA 
reagent were placed. After shaking of 30 seconds, the absorbance was read at λ = 330 nm 
(Varioskan, Thermolab Systems). The slope of the straight lines of the free amino acid (L-
serine)-OPA curves (Abs at λ =330 vs. L-serine concentration) was assessed. The similar 
procedure was conducted using 25 µL of the clarified supernatant assay mixture after 
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TCA, instead of using the L-serine standard. The L-serine-OPA standard curve, for future 
free amino groups quantification, was selected considering the OPA reagent with DTT 
concentration that produce the maximum slope. A free amino acid-OPA standard curve (0 
to 2 µmoles L-serine in 250 µL assay mixture), read at λ = 330 nm, was used for further 
pepsin quantification purposes. 
 
3.1.6 Determination of the optimal absorption spectrum of the amino acid-OPA-DTT 
complex 
In a 96 well microplate, by triplicate, 25 µL of L-serine (4 mM), 25 µL of milli Q water 
and 200 µL of the OPA reagent were placed. As control, L-serine was substituted by 
distilled water. The absorbance was read between λ = 300 and 450 nm (Varioskan, 
Thermolab Systems, Waltham, Massachusetts, USA). Maximum absorbance was 
considered as 100% and this value was used to calculate the relative absorbance at each 
wavelength. In addition, the supernatant after TCA precipitation, of a real acid pepsin-like 
protease assay mixture, after OPA reaction was analyzed, as indicated in Section 3.1.5. 
 
3.1.7 Optimization of the assay volume 
Assay mixture was tested at different volumes (1000, 500 and 250 µL) of 0.5% 
hemoglobin substrate (pH 2) (final concentration of 0.49%), the reaction was started with 
5, 10, and 20 µL of a stomach extract from Seriola rivoliana, adjusted to pH 2 (final 
substrate:enzyme relation of 50). The RM was incubated 15 minutes at room temperature 
(25 oC). Reaction was stopped with 500, 250 and 125 µL of 20% TCA (final concentration 
of 6.6%) in order to evaluate the reduction of the assay reaction volume for practical 
applicability purposes. 
 
3.1.8 Final protocol for acid pepsin-like protease 
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Considering the effect of reaction volume, TCA concentration, temperature, resting time 
after TCA addition, and measurement of free amino groups by reaction with OPA, a new 
protocol to measure pepsin-like acid protease activity was designed as described below. 
To evaluate the performance of the new pepsin-like acid protease procedure, samples from 
amberjack (Section 3.1.1) were used as follows: 20 µL of crude extract; 200 µL of post 
TCA supernatant for direct absorbance reading at  λ = 280 nm (Varioskan 
spectrophotometer, Thermolab Systems, USA) in a 96 well plate UV transparent flat 
bottom (Corning 6950B01, Corning Inc., Lowell, MA, USA); and using 25 µL of post 
TCA supernatant for OPA quantification of free amino groups (reading at λ = 330 nm in a 
flat bottom GREINER microplate; Greiner Bio-One, Monroe, NC, USA). 
Following the proposed new pepsin-like acid protease protocol, the substrates of 
hemoglobin (0.5%), casein (0.485%)-hemoglobin (0.015%), and casein (0.5%) were 
evaluated in order to evaluate their performance for acid pepsin-like protease 
determination. 
 
3.1.9 Statistics  
The results were reported as means ± standard error of the mean (SEM). Data were 
checked for normality and homogeneity of variances and was evaluated by means of the 
ANOVA test, followed by the post-hoc Tukey-Kramer multiple comparisons test. The 
level of significance was set at P < 0.05. 
 
3.2. Results 
3.2.1 Effect of the extraction solution 
Because when mixing the tissue extract with 0.025 M HCl sample coagulation occurred, 
this extraction solution was discarded for further pepsin-like acid protease quantification.  
The acid pepsin-like activity measured using the other extraction solutions were as follows: 
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0.752 ± 0.026 U/mL in milli-Q distilled water, 0.734 ± 0.028 U/mL in 0.025 M NaCl, and 
0.718 ± 0.052 U/mL in 0.025 M universal buffer (pH 8). When the pH of the tissue 
homogenates was adjusted to pH 2, activity significantly changed (P < 0.05) as follows:  
0.671 ± 0.021 U/mL in milli-Q distilled water, 0.689 ± 0.027 U/mL in 0.025 M NaCl, and 
0.636 ± 0.027 U/mL in 0.025 M universal buffer (pH 8) (the above-mentioned activity was 
computed using tyrosine units, using a MEC of 1,290). In general, a slight reduction in 
U/mL pepsin-like acid protease activity was observed after extract acidification to pH 2 (P 
< 0.05). The yield of pepsin-like acid protease (U/stomach, stomach of 98.8 g) was as 
follows: 349.2 ± 12.2 U/stomach in milli-Q distilled water, 340.7 ± 13.1 U/stomach in 
0.025 M NaCl, and 333.4 ± 24.1 U/stomach in 0.025 M universal buffer (pH 8). When 
tissue homogenates were adjusted to pH 2, pepsin-like activities were 311.6 ± 9.9 
U/stomach in milli Q distilled water, 319.9 ± 12.3 U/stomach in 0.025 M NaCl, and 295.1 
± 12.4 U/stomach in 0.025 M universal buffer (pH 8) (the above-mentioned activity was 
computed using tyrosine units, using a MEC of 1,290).  
In contrast, the acid pepsin-like activity obtained by the OPA method were as 
follows: 2.761 ± 0.045 U/mL in milli Q distilled water, 2.812 ± 0.053 U/mL in 0.025M 
NaCl, and 2.971 ± 0.249 U/mL in 0.025 M universal buffer (pH 8). 
In general, a reduction in pepsin-like acid protease activity was observed after 
homogenate acidification to pH 2 (P < 0.05). In particular, when stomach homogenates 
were adjusted to pH 2 activities changed to 2.723 ± 0.043 U/mL in milli-Q distilled water, 
2.880 ± 0.047 U/mL in 0.025 M NaCl, and 2.610 ± 0.053 U/mL in 0.025 M universal 
buffer (pH 8). The yield of pepsin-like acid protease per stomach was 1,281.9 ± 21.0 
U/stomach in milli-Q distilled water, 1,305.5 ± 24.4 U/stomach in 0.025 M NaCl, and 
1,379.3 ± 115.5 U/stomach in 0.025 M universal buffer (pH 8). In general, a slight 
reduction in yield of pepsin-like acid protease activity was observed after extract 
acidification to pH 2 (P < 0.05); thus, activities were 1,264.3 ± 20.1 U/stomach in milli-Q 
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distilled water, 1,337.2 ± 21.7 U/stomach in 0.025 M NaCl, and 1,211.6 ± 26.4 U/stomach 
in 0.025 M universal buffer (pH 8). 
The yield (U/g of stomach) and specific (U/mg of protein) activity of pepsin-like 
acid protease are shown in Figure 1. The maximum specific activity (1.74 ± 0.06 U/mg 
protein, as tyrosine units; or 7.04 ± 0.11 U/mg protein as amino-OPA units) was obtained 
in stomach extracts prepared with distilled water after acidification with HCl (1M) to pH 2, 
and clarification by centrifugation. The increasing in pepsin-like acid protease purity in the 
stomach extract was of 13.3 and 15 times higher (P < 0.05), after acidification to pH 2 of 




3.2.2 Hemoglobin substrate 
The final pH of the solutions of the hemoglobin substrate (1%) dissolved in 0.0125 and 
0.025 M HCl was pH 2.71 and 2.02, respectively. Higher HCl concentrations (0.05 and 0.1 
M) gave substrate final pH below 1.6; in contrast, the lowest HCl concentration resulted in 
pH values close to pH 3. Likewise, the experimental purity of SIGMA hemoglobin resulted 
in 95.62% solubility (4.38% of insoluble material). Results related to the effect of 
hemoglobin, casein-hemoglobin, and casein substrates for acid pepsin-like protease 
quantification is shown in Figure 2. In general, the presence of casein reduced protease 
activity in comparison to using hemoglobin as substrate. 
 
3.2.3 Effect of TCA concentration on the absorbance of the supernatant 
The effect of TCA concentration on the absorbance of the supernatant is shown in Figure 
3. The supernatant absorbance at λ = 280 nm of the assay mixture decreased at final 
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concentration of TCA higher than 3%. The same pattern was found for free amino groups 
by the OPA reaction (λ = 330 nm).  
 
3.2.4 Effect of temperature and time post TCA addition on the absorbance of the 
supernatant 
The effect of temperature and rest time after stopping the hydrolysis of the substrate by the 
addition of TCA on absorbance values of the assay mixture is shown in Figure 4. The 
supernatant absorbance at λ = 280 nm of the assay mixture decreased just after 5 min of 
rest (P < 0.05), staying stable at higher concentrations of TCA, whereas no significant 
differences on temperature (25 oC or -10 oC) at final concentration of TCA higher than 3% 
were found (P > 0.05). In contrast, no effect was for free amino groups by the OPA 
reaction (λ = 330 nm) in samples that rested for 0 to 30 min (P > 0.05). 
 
3.2.5 Effect of DTT concentration in the OPA reagent on L-serine-OPA standard curve 
and free amino groups in real acid protease assay mixture 
The effect of DTT concentration in the OPA reagent on the L-serine-OPA standard curve 
is shown in Figure 5a. The slope [Abs λ = 330 nm vs. U/micromole of free amino acid (L-
Serine) in the assay mixture] increased at DTT concentrations higher than 5 mM. A similar 
pattern was found when using a real assay mixture supernatant after TCA addition and 
centrifugation for pepsin-like acid protease determination using a fish stomach extract as 
enzyme source (Fig. 5b). 
 
3.2.6 Absorption spectrum of the free amino acid-OPA-DTT complex 
The absorption spectrum of the free amino acid-OPA-DTT complex is shown in Figure 6. 
The complex has an absorbance peak close to λ = 330 nm, when comparing with the 
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control absorption spectrum using distilled water replacing free amino acids in presence of 
the OPA reagent. 
 A free amino acid-OPA standard curve (0 to 0.2 µmoles of L-serine in a 250 µL assay 
mixture) is shown in Figure 7. The equation of the curve was y = 10.777x (R² = 0.9994; P 
< 0.05, n = 3). 
 
3.2.7 Reaction volume 
The effect of volume assay mixture in acid pepsin-like protease determination is shown in 
Figure 8. A slight difference was found in activity as tyrosine units/mL, but no difference 
in amino-OPA units/mL was found using 375, 750 or 1,500 µL assay mixture volume. 
 
3.2.8 Final protocol for acid pepsin-like protease determination 
The protocol has been designed and adjusted to be run in small volumes; thus, using 1.5 
mL microcentrifuge tubes, the acid pepsin-like protease method has the following steps 
and reagents’ order: a) tissue homogenate (5 µL); b) add a volume of 250 µL of 0.5% 
hemoglobin-HCl (pH 2) to start the reaction; c) incubate the mixture for 15 minutes at 
room temperature (25 oC, or the optimal temperature for the species considered);  d) after 
incubation, the reaction should be stopped with 20% TCA (125 µL) and mix the volume 
vigorously by vortexing the microcentrifuge tube; e) after holding for 10 minutes, the assay 
mixture is centrifuged at 13,000 x g for 5 min at room temperature to recover the 
supernatant containing the TCA non-precipitable products. 
The quantification of the free amino groups released from hemoglobin by pepsin-
like acid protease hydrolysis present in supernatant is done at microplate level as follows: 
add 25 µL of the supernatant in a well of a flat bottom 96 well microplate (Grainer, catalog 
No.M2936), then, add, 25 µL of milli-Q distilled water (please, not that if the volume of 
supernatant is modified, the volume needs to be adjusted to 50 µL with milli-Q distilled 
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water), and finally, add 200 µL of OPA reagent. The solution should rest for 2 min at room 
temperature (25 oC), mixed for 30 seconds, and the absorbance read at λ = 330 nm in a 
microplate reader (Varioskan, Thermolab Systems, USA). The number of hydrolyzed 
peptide bonds is calculated using a L-serine standard curve, adjusting absorbance to 1 cm 
path length. One pepsin-like acid protease unit is defined as the amount of enzyme that 
releases a μmol of amino groups per minute, under established experimental conditions. 
All measurements should be done by quadruplicate. 
The performance of the above-described new pepsin-like acid protease procedure, 
using a fish stomach extract (prepared as indicated with distilled water), amino-OPA units 






In true stomach digestion, dietary proteins when exposed to the acidic conditions found in 
the stomach are usually denatured; this permits them to be attacked by the gastric pepsin-
like enzyme and leads to the generation of peptides of different lengths (Sarath 1989).  
Regarding the preparation of the stomach’s extract, we recommend to perform the 
extraction with 3 volumes (v:w) of milli-Q distilled water; then, homogenize the tissue for 
3 times by 60 s in an ice water bath, and proceed with the clarification of the extract by 
centrifugation (15,000 x g, 15 min at 4 oC) and pH adjustment to 2 with 1M HCl. Once 
adjusted the pH, allow to stand the supernatant for1 h in an ice water bath. After that a 
second clarification by centrifugation, extracts are and keep it in small aliquots (1 mL) at -
80 oC. According to the present experimental results described in Figure 1, the proposed 
method will provide the highest yield and specific pepsin-like acid protease activity, 
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potentially increasing the purity of  pepsin-like acid protease in fish stomach extracts by a 
single acidification-clarification step,. 
 Unfortunately, the above-mentioned methods (Anson 1938; Walter 1984; 
Worthington, 1993) only measure, the absorbance at λ = 280 nm of the hydrolyzed 
products (Worthington 1993) or the absorbance generated by these products when reacting 
with the Folin-Ciocalteau reagent (Anson 1938). In the first case, the Worthington’s 
method only measured the absorbance of aromatic amino acids in the ultraviolet region, 
whereas the Anson’s protocol only measured tyrosine and tryptophan. Since proteins, 
including hemoglobin, are formed by 20 amino acids, these methods largely underestimate 
the release of total amino acids by the action of the acid protease. Therefore, the main 
modification of the new methodological proposal considers the quantification of the 
release of amino groups to calculate the number of hydrolyzed peptide bonds present in the 
substrate. This was achieved by using the OPA reagent that is used for alkaline protease 
determination (Church 1985). The OPA reagent was modified including DTT instead 
mercaptoethanol and adapted at the microplate level, and using a standard L-serine 
curve,to quantify the number of free amino groups. In addition, absorbance should be read 
at λ = 330 nm according to the absorption spectrum shown in Figure 6) instead of using λ = 
340 nm. 
Because only 25 μL of supernatant are required to measure free amino groups, it is 
possible to reduce the total volume of the assay mixture of the acid protease method (see 
Fig. 8), which allows saving reagents and reduces the production of laboratory toxic waste. 
Considering the above-mentioned results, authors recommend the use of a total volume of 
375 µL and 5 µL of enzyme extract. 
Under the established experimental conditions, the use of hemoglobin as a substrate 
at a final concentration of 0.5% in the reaction mixture is considered sufficient, but always 
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an excess of substrate must be used. Thus, the TCA precipitate in the assay indicates the 
presence of residual substrate in the assay mixture. 
According to results shown in Figure 3, a final concentration of TCA lower than 
3% in the assay mixture is not enough to full precipitation of residual products from 
hemoglobin digestion with high molecular weights. In addition, no effect was observed by 
standing the assay mixture at low temperature (-10 oC, Fig. 4). Considering the above-
mentioned results, authors recommend the use of TCA at no lower than 5% of final 
concentration in the assay mixture, and stand it of 10 minutes at room temperature (25 oC), 
before centrifugation at 13000 x g, 25 oC, 5 min. 
The optimal DTT concentration in the OPA reagent was found at 5 mM, but in 
order to have an excess, authors recommend the use of DTT at final concentration of 10 
mM (see Fig. 5b). DTT has advantages on 2-mercaptoethanol in having two thiol groups 
instead one, and reducing the annoying smell of OPA reagent, in comparison with original 
OPA reagent (Church 1983, 1985). The free amino acid-OPA standard curve (0 to 0.2 
µmoles of L-serine in a 250 µL assay mixture) showed a very good correlation (Figure 7). 
Comparing the activity of protease acid pepsin-like when using the amino-OPA units with 
regard to the tyrosine units, shows that quantification using the amino-OPA units has a 
bigger sensibility (an accuracy for measuring peptide bond hydrolysis by acid protease) 
than when using tyrosine units (Fig. 9). Instead of having arbitrary λ = 280 absorbance 
units (Worthington, 1993) or blue colour developed measured at λ = 680-700 nm produced 
by tyrosine and tryptophan with Folin-Ciocalteau reagent (Anson 1938); this proposed 
method shows that it is possible to calculate the number of hydrolysed peptide bonds, 
using an amino-OPA standard curve, measured at equal experimental conditions than assay 
mixture of acid protease samples at a microplate level. According standard curve the 
sensitivity of the method can at least to measure 0.025 μmoles of free amino groups in the 
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reaction mixture. The R2 of standard curve equation indicates a very good accuracy in the 
quantification of the indicated concentrations of free amino groups. 
Finally, considering than some authors used casein as substrate for acid protease 
quantification (Dabrowski & Glogowski, 1977; Hidalgo et al. 1999; and Lazzari et al. 
2010), the effect of hemoglobin, casein-hemoglobin, and casein substrates indicates that 
acid protease activity was increased depending on the substrate considered. The increment 
in activity was in this order: casein, casein-hemoglobin, haemoglobin (Fig. 2), a change 
that was possible due to their solubility in acidic pH values. Considering the above-
mentioned results, authors recommend the use of 0.5% hemoglobin final concentration in 
the assay mixture. 
 
4. Conclusions 
The friendly use of protocols for assessing the activity of digestive enzymes has led to its 
generalized use in many areas of fish biology, including aquaculture studies; however, this 
has resulted in some methodological and/or interpretative inconsistencies that this 
contribution aimed to address in order to improve the reliability of data in this field. Thus, 
special attention should be paid on: i) the proper preparation of stomach extract for 
enzymatic determinations, ii) the use of the proper reaction conditions at the normal range 
of pH, temperature, and mainly on the quantification of the number of peptide hydrolyzed 
for acid protease unit calculation. The implementation of these recommendations, and the 
proposal of methodological steps, will promote the standardization of actual pepsin-like 
acid protease analytical procedures, as well as improve the reliability of comparative 
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Table 1             
Extract preparation conditions used for acid pepsin-like protease. References are listed in the Supplementary file 1. 
Homogenization solution       Extract clarification RCF x g (time)   
  Reference %     Reference % 
Glycine-HCl, pH 2 17, 18,  6.5   28,230 (15 min) 28 3.2 
Citrate-HCl, pH 3 24 3.2   23,000 (30 min) 7 3.2 
Distilled water 2, 4, 11, 12, 15, 27, 28,  22.6   16,000 (15 min) 1, 10, 17, 25 12.9 
Tris, pH 7.5, then adjusting to pH 2, with HCl 1M 6,  3.2   15,000 (30 min) 30 3.2 
Tris, pH 8.0 3, 8 6.5   13,500 (30 min) 3, 8, 13 9.7 
Tris-CaCl2 (20 mM), pH 7.5 1, 10 6.5   12,000 (15 min) 11, 27 6.5 
Tris, pH 7.5 13, 16, 20, 25,  12.9   12,000 (12 min) 20 3.2 
Tris-Potasium phosphate (0.01M)-Glycerol (50%), pH 7.5 21 3.2   11,269 (15 min) 15 3.2 
Tris-Phosphate (20 mM), pH 7.0 26 3.2   10,000 (30 min) 9, 12 6.5 
Phosphate buffer, pH 8 30 3.2   10,000 (10 min) 24, 26 6.5 
Nind buffer, pH 7.0 9 3.2   8,500 (30 min) 18 3.2 
Nind 
5, 7, 14, 19, 22, 23, 29, 
31 25.8   5,000 (3 min) 5 3.2 
        3,300 (3 min) 4 3.2 
        1,700 (10 min) 2 3.2 
        1,200 (10 min) 21 3.2 
        1,100 (15 min) 16 3.2 
        Nind 6, 14, 19, 22, 23, 29, 31 22.6 






Table 2     
Reference protocols and their frequency of use for assessing the activity of the larvae, digestive tract of stomach acid pepsin-like protease in fish. 
Values reported are based on a total of 31 retrieved articles on this topic published between 2008 and 2018 (Search chain: “acid protease AND 
fish”; Web of Science Core Collection™; Thomson Reuters™). References are listed in the Supplementary file 1. 
Protocol Reference % 
Anson (1938) 1, 3, 4, 5, 6, 8, 10, 11, 13, 15, 17, 18, 20, 25 , 28, 31 51.6 
Hidalgo et al. (1999), but Hidalgo cited to Kunitz (1947), modified by Walter (1984). 14, 19, 23, 26, 29 16.1 
Worthington (1993) 2,30 6.5 
Sarath et al. (1989) 7,  3.2 
Lazzari et al. (2010), but Lazzari cited Kunitz (1947) modified by Hidalgo et al. (1999). 21,22 6.5 
Liu et al. (2008) 9 3.2 
Dabrowski and Glogowski, 1977 12 3.2 
Alarcon et al. (1998) 16 3.2 
Wu et al. (2009) 24 3.2 
Kunitz (1947), modified by Walter (1984), but using hemoglobin as substrate 
according Anson (1938) 27 3.2 


























Glycine-HCl (50 mM), pH 2 16 3.2 20 7, 16 (20 min) 3.2
Glycine-HCl (100 mM), pH 2 1, 10, 17, 20, 25 16.1 30 19 (40 min) 6.5
Glycine-HCl (200 mM), pH 2-3 9 3.2 37
2, 9, 10, 12 (60 min), 20, 
24, 25 22.6
KCl (200 mM), pH 2 23 3.2 40 6 (15 min) 3.2
Sodium acetate-HCl (250 mM), pH 3 24 3.2 50 18 (15 min) 3.2
Phosphate buffer, pH 2 7 3.2 Nind
1, 3, 4, 5, 8, 11, 13, 14, 15, 
17, 21, 22, 23, 26, 27, 28, 
29, 30, 31 61.3
Nind
2, 3, 4, 5, 6, 8, 11, 12, 13, 
14, 15, 18, 19, 21, 22, 26, 
27, 28, 29, 30, 31 67.7
TCA (%) References % Wavelenght References %
10 19 3.2 280
2, 10, 16, 18, 19, 20, 23, 
24, 25, 31 32.3
5.4 9 3.2 650 12 3.2
5 4, 7, 12 9.7 700 7 3.2
4 24 3.2 Nind
1, 3, 4, 5, 6, 8, 9, 11, 13, 
14, 15, 17, 21, 22, 26, 27, 
28, 29, 30 61.3
Nind
1, 2, 3, 5, 6, 8, 10, 11, 13, 
14, 15, 16, 17, 18, 20, 21, 
22, 23, 25, 26, 27, 28, 29, 
30, 31 80.6
Extinction coefficient References % Acid protease pepsin-like Unit References %
0.008 (MEC) 10 3.2 1 umol tyrosine/min 2, 31 6.5
0.008 (ug ml-1) 20 3.2 1 mmol tyrosine/min 4 3.2
0.005 (MEC) 25 3.2 1 ug tyrosine/min
1, 3, 8, 10, 12, 15, 17, 20, 
21, 22, 25 35.5
Stardard curve 19, 28, 31 9.7 1 mg tyrosine/min 5, 23, 27 9.7
Nind 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18, 21, 22, 23, 24, 26, 27, 29, 3080.6 1 Abs unit at 28  nm 6, 18, 24 9.7
1 Abs unit at 700 nm 7 3.2
BAEE units 16 3.2
Nind
9, 11, 13, 14, 19, 26, 28, 
29, 30 29.0
 
Nind: Non indicated, MEC: molar extinction coefficient
Different experimental conditions (reaction buffer, temperature,  TCA concentration, wavelength for reading, extinction coefficient, and enzyme unit 
definition) used for acid protease pepsin-like quantification. References are listed in the Supplementary file 1.
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Nind: non indicated, NC: non calculated,        
*Standard deviation was not included       
** cited reference is Anson (1938), unit definition: 1 mEq of tyrosine/10 min. Difference between references 
 11 and 13, is 433 times in protease units/mg protein.        
 19 
Table 4         
Comparison of acid pepsin-like protease units, in stomach and larvae reported by authors, in fish   
Specific acid protease, 
Units/mg protein* 
Unit definition used by authors Adjusted Units, (μg 
tyrosine/min) /mg 
protein 
Difference in relation 
to the smallest 
number by type of 
tissue 
Reference 
Stomach         
9.56 1 mg of tyrosine/min 9,560 211 5 
4,800** 
Nind (1 mmol of tyrosine according 
cited reference) NC NC 11 
2,200 1 μg of tirosine/min 2,200 49 15 
58,710 (mU) 1 μg of tirosine/min 58.71 1 17 
0.25 1 umol of tyrosine/min 45.30 1 31 
          
Larvae         
11 1 μg of tirosine/min 11 7333 1 
8.31 (mU) 1 μg of tyrosine/min.  0.0083 6 3 
9.43×10−5 1 mmol of tyrosine/min 0.0017 1 4 
8 (mU) 1 μg of tyrosine/min 0.0080 5 8 
11.6** 
Nind (1 mmol of tyrosine according 
cited reference) NC NC 13 
1.5 (mU) 1 μg of tyrosine/min  0.0015 1 20 
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Figure legends 20 
Fig, 1. Effect of extraction solution on yield (U/g stomach) and specific activity (U/mg 21 
protein) of acid pepsin-like protease (from Seriola lalandi stomach), a,and b, in tyrosine 22 
units, b and c in amino-OPA units.. 23 
Fig. 2. Acid pepsin-like protease activity, using a hemoglobin, casein-hemoglobin, and 24 
casein substrates. 25 
Fig. 3. Effect of TCA concentration in reaction mixture on supernatant absorbance (Abs 280 26 
nm, and OPA Abs 330 nm). 27 
Fig. 4. Effect of temperature and time of rest, after precipitation with TCA (20%) (Abs 280 28 
nm, and OPA Abs 330 nm). 29 
Fig. 5. a). Effect of DTT concentration in OPA reagent (L-Serine standard curve). b). 3b. 30 
Effect of DTT concentration in OPA reagent (acid pepsin-like protease supernatant). 31 
Fig. 6. Absorption spectrum of OPA reagent and amino-OPA reagent complex. 32 
Fig. 7. L-Serine-OPA standard curve (330 nm), 1 cm lightlength. 33 
Fig. 8. Effect of assay mixture volume. a). Abs 280, b). Amino-OPA units. 34 
Fig. 9. Comparison of tyrosine and amino units. 35 





































            
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
              
















































































































































































































Supplementary file 1 53 
List of retrieved articles from the Web of Science Core CollectionTM 54 
(www.webofknowledge.com; Thomson ReutersTM) using the following search chain “acid 55 
protease AND fish”. This search chain was selected to evaluate the methodology used for 56 
acid pepsin-like protease quantification in the literature from publication years comprised 57 
between 2008 to 2018.  58 
 59 
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(Steindachner, 1879). Aquaculture Nutrition 24: 366-374. 70 
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Physiology 204A:  40-47. 79 
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